1. Ground glass densities {#s0005}
=========================

CXR is a less sensitive modality in the detection of COVID-19 lung disease compared to CT, with a reported baseline CXR sensitivity of 69% \[[@bb0020]\]. The most common reported CXR and CT findings of COVID-19 include lung consolidation and ground glass opacities^2^.

Ground glass densities observed on CT may often have a correlate that is extremely difficult to detect on CXR ([Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"} ).Fig. 1Portable CXR (left) with vague hazy densities in the right upper lobe (white arrow) which correspond to ground glass opacities (black arrow) on coronal image from contrast enhanced CT (right) performed the same day.Fig. 1Fig. 2CXR (left) with patchy peripheral left mid to lower lung opacities (black arrow) corresponding to ground glass opacities (white arrow) on coronal image from contrast-enhanced the contemporaneous chest CT (right).Fig. 2

Often, reticular opacities accompanying regions of ground glass attenuation are more easily appreciable on standard CXR ([Fig. 3](#f0015){ref-type="fig"} ).Fig. 3CXR (left) with reticular and hazy left lower lobe opacities (black arrow) in a patient with COVID-19. Similar findings are present on the coronal CT from the same day (right).Fig. 3

The hazy pulmonary opacities on CXR can sometimes be diffuse making identification challenging in some instances ([Fig. 4](#f0020){ref-type="fig"} ).Fig. 4CXR (left) with subtle ill-defined hazy opacities in the right (black arrows) greater than left lungs in a patient with COVID-19. Findings are easier to appreciate on subsequent CT the same day (right).Fig. 4

2. Bilateral lower lobe consolidations {#s0010}
======================================

As opposed to community acquired bacterial pneumonia which tends to be unilateral and involving a single lobe \[[@bb0025]\], COVID-19 and other viral pneumonias typically produce lung opacities in more than one lobe. Identifying multifocal air-space disease on CXR can be a significant clue to COVID-19 pneumonia. Early COVID-19 investigators have noted that the air-space disease tends to have a lower lung distribution and is most frequently bilateral \[[@bb0020]\] ([Fig. 5](#f0025){ref-type="fig"} ).Fig. 5Six different patients with varying degrees of COVID-19 pneumonia predominantly involving the lower lung zones (black arrows) bilaterally on CXR.Fig. 5

3. Peripheral air space opacities {#s0015}
=================================

One of the most unique and somewhat specific features of COVID-19 pneumonia is the high frequency of peripheral lung involvement, often mirroring other inflammatory processes such as organizing pneumonia. Chung et al. reported that 33% of COVID-19 chest CTs had peripheral lung distribution \[[@bb0010]\] and Ng et al. reported an even greater incidence of up to 86% on chest CT \[[@bb0030]\]. Such peripheral lung opacities also tend to be multifocal, either patchy or confluent, and can be readily identified on CXR ([Fig. 6](#f0030){ref-type="fig"} ).Fig. 6Four different patients with varying degrees of COVID-19 pneumonia on CXR predominantly involving the peripheral lungs bilaterally (black arrows).Fig. 6

4. Diffuse air space disease {#s0020}
============================

Diffuse lung opacities in patients with COVID-19 have a similar CXR pattern ([Fig. 7](#f0035){ref-type="fig"} ) as other widespread infectious or inflammatory processes including acute respiratory distress syndrome (ARDS).Fig. 7CXR (left) and subsequent coronal image from chest CT (right) performed in a patient with COVID-19 and diffuse ground glass and consolidative opacities throughout both lungs.Fig. 7

When lung disease involves the majority of the pulmonary parenchyma, patients are typically hypoxic and require intubation with mechanical intubation ([Fig. 8](#f0040){ref-type="fig"} ).Fig. 8Two different intubated patients with COVID-19 infection and diffuse lung opacities.Fig. 8

Lung opacities may rapidly evolve into a diffuse coalescent or consolidative pattern within 1--3 weeks of symptom onset \[[@bb0005],[@bb0035]\], often peaking at around 6--12 days after initial clinical presentation ([Fig. 9](#f0045){ref-type="fig"}, [Fig. 10](#f0050){ref-type="fig"} ).Fig. 9Serial radiographs over 7 days in a patient with COVID-19 infection depicting progression of diffuse lung disease that ultimately required intubation.Fig. 9Fig. 10Serial chest radiographs of a different patient with COVID-19 infection separated by 6 days depicting progression of diffuse lung disease requiring intubation.Fig. 10

5. Uncommon CXR findings {#s0025}
========================

Pleural effusions have been reported as exceedingly rare on CXR and CT in COVID-19 infected patients, and when present are most often identified late in the disease course \[[@bb0040]\].

Lung cavitation and pneumothorax are also rare findings in COVID-19 patients \[[@bb0040]\] but can occur ([Fig. 11](#f0055){ref-type="fig"} ).Fig. 11Serial chest radiographs of a COVID-19 patient with diffuse lung opacities (left image) with interval cavitation (left image white arrows) and tension pneumothorax (right image black arrow). Successful chest tube placement was subsequently performed (not shown).Fig. 11

Localized large nodules have yet to be reported in the literature to this date ([Fig. 12](#f0060){ref-type="fig"} ).Fig. 12A unique case of a rapidly enlarging right lung nodule (left image, white arrow) over the course of 5 days. Subsequent bronchoscopy with tissue sampling revealed COVID-19 infection.Fig. 12

Diffuse chest wall subcutaneous emphysema and pneumomediastinum after intubation in the setting of COVID-19 infection has been described in one case report \[[@bb0045]\], as of the time of this writing. This phenomenon has also been reported previously in the setting of H1N1 viral infection \[[@bb0050]\].

Since the influx of cases began at our institution, we have noticed this to occur in several patients ([Fig. 13](#f0065){ref-type="fig"} ). Potential mechanisms include alveolar rupture leading to interstitial emphysema from the currently recommended high positive end-expiratory pressure (PEEP) settings on COVID-19 ventilated patients according to the Macklin effect \[[@bb0055]\]. The diffuse alveolar damage in severe cases may also contribute to alveolar rupture. The exact mechanism requires additional investigation.Fig. 13Two different intubated patients with COVID-19 and diffuse subcutaneous emphysema and pneumomediastinum identified on CXR. No pneumothorax was identified.Fig. 13

6. Conclusions {#s0030}
==============

Patterns of COVID-19 lung disease can be identified on conventional chest radiography as well as chest CT. Typical verbiage when reporting patients with, or suspected COVID-19 on CXR include terms such as irregular, patchy, hazy, reticular, and widespread ground glass opacities. Grading disease severity based on total lung involvement is also important to relay to the clinicians. As the pandemic progresses, the medical community will frequently rely on portable CXR due to its widespread availability and reduced infection control issues that currently limit CT utilization.
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